Abstract -Quantum computers form a technological cluster with huge growth in the last few years. Although this technology is of still very limited size -perhaps the reason it is not seen as a technology which may be mass produced or of public use in the near future-it is one of the most promising developments with a potential to change the world. The IBM Quantum Experience Platform makes it possible for every person around the world, without limitation as to geographical location, to get acquainted with the technology of quantum computing. It is a resource for both researchers and enthusiasts entering the quantum world. With the development of the platform, IBM has proven that the programming and writing code executable on a quantum computer can be easy and accessible (it is a cloud platform) even to people lacking any deep knowledge of quantum mechanics.
I. INTRODUCTION
A qubit is the equivalent of a bit in classical computing. It takes a value of 0 or 1 when measured [4] . Unmeasured, however, the qubit is in superposition |ψ>, which gives the mathematical representation of the qubit at any given time as a two-dimensional state space with orthonormal basis vectors |0> and |1>: |ψ> = a0|0> + a1|1>
(1)
The quantum probabilities a0 and a1 represent the chance that a given quantum state will be observed when the superposition has collapsed. These probabilities are complex numbers that satisfy the conditions:
|| |ψ > || = <ψ|ψ > = 1
When the qubits are connected into strings, the result is a quantum register. The length of the string determines the amount of information this register can store. The superposition of a register |ψn> means that each qubit in this register is in superposition.
|ψn> = ∑ai|i> 
So a register of n qubits is in superposition of all 2 n possible bit strings, that could be represented using n bits (4), where i is a bit string of 0s and 1s.
The operations over quantum registers are performed by Quantum logic gates [3] . Quantum logic gate applied to a quantum registers maps one quantum superposition to another, together allowing the evolution of the system to some desired final state.
The mathematical representation of quantum logic gates involves transformation matrices, or linear operators, applied to a quantum register by tensoring the transformation matrix with the matrix representation of the register. All linear operators that correspond to quantum logic gates must be unitary ( if a matrix U is unitary, U -1 is equal to the conjugate transpose Û ┬ ):
II. QUANTUM CONTROLLED SQUARE ROOT OF Z GATE Quantum computing uses controlled operations -multiqubit operations that change the state of a qubit based on the values of other qubits [5] .
Knowing that the Z gate has the following matrix representation:
and given that Z = √Z√Z, a conclusion can be made that the √Z has the following matrix representation:
where i is the imaginary unit ( i 2 = -1). The controlled-√Z gate is a gate that operates on two qubits in such a way that the first qubit serves as a control qubit for the second one. It has the matrix representation C √ Z= IBM's Quantum Experience Platform is a 5-qubit quantum computer available on the cloud. In this platform writing a quantum code can be achieved by a tool called Compozer. In this tool we have a few limitations, one of which is the available gates we can use for computation. The gates we are going to use for the experimental realization of the controlled-√Z gate ( Fig. 2, Fig. 3 and Fig. 5 ) are as follows:
 Identity Gate -It performs an idle operation on the qubit. Every quantum operation is a unitary matrix and every unitary matrix can be realized as a quantum operation [2] . Every unitary matrix has a square root, so every quantum operation also has a square root. It is possible to factor a controlled quantum operation into pieces [1] , so we will be able to find matrices A,B and C and a phase vector e iΘ such that [5] : In Fig. 1 we see that the measured output will be the same as the input when the q[0] input state is |0> because of (10). And the ZΘ does not fire, because phase-shift gates act only on |1> state. In our case the appropriate values for the A, B, C and Θ are as follows [5, 6] : Because the constructed gate acts on two qubits, four different input combinations could be possible, depending on the qubit states before applying the gate. When the initial states of the two qubits are |11> a phase shift for the q [1] with π/2 radians is observed (Fig. 3 and Fig. 4) .
The Quantum Sphere in Fig. 4 and Fig. 6 represents geometrically the pure state space of qubit in Hilbert space, where the north and the south pole correspond to the standard basis vectors |0> and |1>. When the initial states of the two qubits are |01> we do not have phase shift for the q [1] because the control qubit does not fire ( Fig. 5 and Fig. 6 ). 
CONCLUSION
Our experiment for the realization of Controlled Square Root of Z Gate on IBM's Quantum Experience Platform was presented in this paper. Ideally, this work will provide a workable solution for the construction of other quantum gates on this platform in the future, which might contribute for the research and development of new quantum algorithms.
